Soluble poly(2,5-di-t-butyldimethylsilyloxy-1,4-phenylenevinylene) was prepared via a Stille coupling reaction between 2,5-diiodo-1,4-bis-(t-butyldimethylsilyloxy)benzene and E-1,2-bis(trin-butylstannyl)ethylene in the presence of tetrakis-(triphenylphosphine)palladium(0) as the catalyst. The characterization of this material by 1 H-and 13 C-NMR, UV-Vis., and IR spectroscopies is described. The molecular weights, determined by GPC analysis and referred to standard polystyrene, were M n = 2027 and M w = 2621. Photoluminescence measurements were performed in solution and on thin films of pure material or of a blend with polystyrene.
Introduction
In recent years, much interest devoted to conjugated polymers has been elicited by the possibility of employing them as active elements in the fabrication of semiconductor devices. 1 Poly(phenylenevinylene) (PPV) polymers appear among the most promising materials for manufacturing electroluminescent devices, 2 owing to their good structural properties combined with the possibility of modulating the band gap and the light emission spectra by introducing various substituents on the aromatic rings. 2c Although the color-tunability over the full visible range could be obtained by control of the HOMO-LUMO band-gap of the materials, the emission in the blue region of the spectrum has proved to be a challenge, and organic blueemitters are considered an important focus of technological interest.
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In blue-fluorescing conjugated polymers, the semiconductor band-gap is wider than in currently known processable dialkoxy PPVs. 3 One commonly employed strategy for achieving the enlargement of the band-gap in PPV polymers is represented by the reduction of the so-called effective conjugation length. The presence of groups that interrupt the conjugation along the polymer main chain, or the introduction of sterically demanding substituents that increase the torsion angle around the vinylene linkage, can be employed as means to achieve this result. In both these approaches the use of silyl substituents has been shown to play an important role, either as spacers in the polymer main chains, 4 or as bulky substituents which slightly break the coplanarity of the conjugated backbone. 5 The electron-withdrawing effect of the organosilicon substitution has also been invoked to rationalize the observed enlargement of the PPV band gap in a t-butyldimethylsilyloxy-substituted alkoxy PPV. 6 Various synthetic approaches have been described in the literature for the preparation of PPV derivatives bearing silicon substituents, for example, Wittig olefination, 4b the Wessling procedure with sulfonium salts, 5a or dehydrohalogenation of p-xylylene dihalides. 5b, 6 In previous work we have conveniently prepared a number of low-molecular-weight PPV derivatives by using the Stille cross-coupling reaction, 7 starting from suitable di-iodoaryl derivatives and E-1,2-bis(tri-nbutylstannyl)ethylene. 8 The investigations performed on the resulting materials have shown that, in spite of the low molecular weight, they display photophysical properties of special interestgiving further evidence that oligomers can be used, beside high molecular weight materials, in optical and electro-optical applications. 8c,9 Now, we report an extension of this methodology to the synthesis of a sterically hindered dialkoxysilyl-substituted PPV, together with the characterization and some relevant properties of the obtained material.
Results and Discussion

Synthesis and characterization
The cross-coupling reaction of 2,5-di-iodo-1,4 bis(t-butyldimethylsilyloxy)benzene (3) and E-1,2-bis(tri-n-butylstannyl)ethylene (4), depicted in Scheme 1, was carried out using tetrakis-(triphenylphosphine)palladium(0) as catalyst, in boiling benzene (see Experimental Section); both monomers were used in equimolecular amounts. Monomer (3) was obtained by silylation of the 2,5-di-iodo-1,4-dihydroxybenzene (2) prepared by a demethylation reaction by boron tribromide 10 of the dimethyl ether (1), which in turn was obtained following a procedure reported for similar compounds.
11
Average molecular weights of the polymer (5) were M n =2621 and M w = 2027 with a M w /M n ratio of 1.29, determined by Gel Permeation Chromatography (G.P.C.) analysis on the basis of monodisperse polystyrene standards, using THF as solvent.
The 1 H-NMR spectrum of polymer 5 shows broad resonances centered at δ 7.24 ppm (aromatic protons), 7.06 ppm (vinyl protons), 1.03 ppm (t-butyl groups), and 0.21 ppm (methyl groups on the silicon atoms). In the 13 In order to ascertain the nature of the chain terminations we performed an XPS analysis of the polymer 5 for evaluating the tin and iodine contents. This analysis revealed low values of atomic concentrations for both of these elements (under 0.5%), very close to the detection threshold. 
Optical properties
The optical properties of polymer 5 have been investigated by means of UV-Vis spectroscopy and photoluminescence (PL) measurements. The absorption spectra, in chloroform solution, of polymer 5 and of poly[2,5-bis(1-pentyloxy)-1,4-phenylene vinylene] previously prepared by the same procedure, 8a are reported in Figure 1 . The absorption maximum for polymer 5 (451 nm) is slightly blue-shifted with respect to that of the alkoxy-substituted PPV (465 nm). As discussed above, this may be ascribed to the steric effect of the two bulky dimethyl-t-butylsilyl groups in comparison with the alkoxy linear chains of the previously described PPV. As can be clearly seen, the two spectra are almost equivalent (2.54 eV and 2.59 eV are the maxima related to the blend-and solution spectra, respectively, in the green region). A quantum yield of 18.5% has been measured in dilute THF solution. On the other hand, the PL of a cast aggregation strongly improves the exciton migration towards quenching sites, while in the blend, as in solution, the large interchain distance improves exciton intra-chain radiative recombination and consequently the PL values are controlled by the distance among the chromophores.
In principle, the lack of PL in the solid state could be attributed to an ordered phase in 3-D. Surprisingly, even after prolonged annealing, the polymer did not show any endothermic peak in the DSC scan, nor any detectable birefringence in the optical microscope in polarized light. Therefore, it seems reasonable to suggest that, even though the polymer is in its amorphous state, the interchain distances are short enough to promote exciton migration among the chains. The short interchain distances in this polymer seem to be due to the reduced lengths of the -O-Si-C(CH 3 ) 3 group with respect to other n-alkoxy-substituted PPV, where higher interchain distances provide a higher PL efficiency in the solid state.
4a,9a,13
Conclusions
A novel silyloxy-substituted PPV has been prepared by the Stille cross-coupling reaction. This enhances the synthetic potential of such a reaction for the ready stereoselective preparation of members of the PPV family.
The introduction of the silyloxy group is responsible for a blue shift of the absorption spectrum of the polymer with respect to alkoxy-substituted PPVs.
The PL efficiency in solution is 18.5%, while in the solid state it is very low -in agreement with other silicon containing PPV.
4a Blends with polystyrene have much higher quantum yields, making this material a possible candidate for the preparation of multicomponent LEDs with emission maxima shifted towards the blue region of the visible spectrum.
Experimental Section
General procedures. The dimethyl ether, 1, and monomer, 4, were prepared as reported.
10,11
Tetrakis-(triphenylphosphine)-palladium(0) was a commercial product. Benzene was distilled immediately prior to use from sodium/benzophenone in a nitrogen atmosphere. H-NMR and 13 C-NMR spectra were recorded in CDCl 3 at 500 MHz and 125 MHz, respectively, on a Bruker AM 500 spectrometer, using the residual CHCl 3 as the standard for the 1 H data and the triplet centered at δ 77.00 for the 13 98 mmol) and tetrakis(triphenylphosphine)palladium(0) (0.56 g, 0.48 mmol), in 95 ml of anhydrous benzene was heated under reflux under a nitrogen atmosphere. After 3 days a dark green precipitate slowly separated from the reaction mixture. After 10 days the mixture was cooled to room temperature, the solvent was evaporated under reduced pressure, and the residue was diluted with water and extracted with CH 2 Cl 2 (3 x 50 mL). The crude polymer obtained by evaporating the solvent, was washed thrice with hexane; the solid was recovered by centrifugation after each washing. Low molecular weight fractions were eliminated by extraction in a Soxhlet apparatus with ethanol for 24 hours. The yellow-green powder (0.58 g, 40% yield) was dried at 90°C and 10 -2 mbar. The polymer is soluble in CH 2 Cl 2, CHCl 3 and THF, insoluble in ethanol.
